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Alerting Abstract EP A2 

NOVELTY - The driving voltage of an organic electroluminescence device (ELD) is 
reduced and the luminance increased by using a nitrogen-free aromatic compound in 
the alectron-irilection region or combining an N-containing aromatic compound with a 
specific reducing dopant in that region. 

DESCRIPTION - An organic electroluminescence device (ELD) (1) comprises (in order 
of lamination): 

(a) an anode layers 

(b) a light emission region; 

(c) an electron injection region containing a nitrogen-free aromatic compound (I) and a 
reducing dopant (II), the electron affinity of the region being 1.8-3.6 eV; 

(d) a cathode layer. 

An INDEPENDENT CLAIM (2) is also included for an organic ELD comprising (in order 

of lamination): (a) an anode layer; 

(b) a light emission region; 

(c) an electron injection region containing an electron-transporting compound (III) and 
a reducing dopant (IV) having a work function of ''>2.9 eV, the electron affinity of the 

region being 1.8-3.6 eV; 

(d) a cathode layer. 

USE - As light sources for displays, printer heads and other domestic and industrial 
applications. 



ADVANTAGE - The devices exhibit luminances of up to 1 300 od/m' at low driving 
voltages and have lifetimes of up to 3000 hours. 

DESCFaPTION OF DRAWINGS - The drawing shows a vacuum evaporation apparatus 
for fabricating the electroluminescent device. 

21 1 substrate holder 

212 vapor source containers 
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S7II .^51^1999-0082912 



(i9)qi&ei^^siS(KR) 

(12) 57H^5l5fi{A) 



98-962201 998 td 04S 08 «! a e(JP) 
0|0||n|ii Hit 7^^A|5'|7^0|A|: S.a]l-i7[ 

as i|Hha299-0293 :tm7tTaM.| 7fo|0|^a|l280 
a# x|Hfg299-0293 idPf^aM^I 7hn|0|Sn|i280 



^^£?f7||M*l 
aSICra 299-0293:tc||7h 
S?fO|B«|SA| 
as l|Hfg299-0293:l:t(|7f^BM-l 7fn|0|^l 



!?- wg-s S7i as as 5£s, ?fl|5i°sfe s^g is, a-f 14, aa¥ i? s; a^^ss io« s|§a|?j' 
^2* at ^f7i EL ±AK)ii x!o|A-i, axf^a* 14011 &:s; a =5=is o|^o^a ^ai sia#, at sa t^-j-s oi^ 

CHS ysf^ 2EI 2t&s, a asa aasm. gjiK'a^sJi a7:ratfais i.e 1417:1 s.eev b*imj2| sf7i^, at 
ax^^aJf 14011 a7:h={=#s utts s! aa•^=7^^.9evo|«^e! ea^ Ees»a*^«^o^ m^^ti¥s\ m^s^^m^.8 

S.eaV a¥IM)fi| a^S. ass^l el ±J^isi gf-a ?IE» »4fA|?U =f a» SSA|?|2it gcf. 

£ IS q 1 a HI 2 4!A| gEllal #71 EL i3t^2| agEO|D|-. 
£ 2fe H 3 4|A| SE||2| fr7| EL ±7:hs| ea£o|cf. 
£ 3S JNI 4 4JA| gEjsl #71 EL A7:h2| ea^olcf. 

£ 4fe III 5 4|A| gEljs) #7| EL rt^^hsl aa£EO|c|-. 
£ 5te aA|01|i2| #7[ EL ±xf£| aSSOjcL 
E 6S 4JA|o|l 2ii| #7| EL £tSiHO|tK 



http://patent2.kipris.or.kr/pat/FULLTEXT/1 01 999001 1712/1 01 999001 1 71 2.XML 



08-11-07 



KIPRIS(S3||^5ISe) 



ffllOIXI 2/28 



iE 10S«el|2| EL ySEOlDK 

gasi ^g^soii ^^^s.s\ ag io §^512 ifs^i4 a^h^ei^ie y^sia s«¥ei**si8a ss^aisisb ss*#s 

20 n 1 >liaS22 SS|7|fi24 HI 2 >II9#30 71050 g^52 ^1 1 ?7|at54 q 2 ^7|at56 fli 3 a«¥58 ?f^60 S7| EL 

i:>tHOO, 102, 102a, 104, 104a, 106 EL i^f201 S*I203 7IB210 SS2211 7IBSC1212 gsta213 S(S^^ 

213AS|5g^t!214HEf221 ^f^S 



^gS2l MSI 

B(io[) at H@si«iiEsi aa gos Afssh7|oii sjss EL ±m as ao|cK 



#ai2i *7| BL±ns\ otit khs- s^h n 92-297076 ssajoii ?iia[£|c» 01 ck gs icni 7HAia Fl,,^x^6o^H 
70)1 l.^E^lt!! B^s^ eoi seat ^as^^ej so^^i Afoioii m\ =21 ^f7|5_^ 52, 54 si see ^la ff7|at ^ss ^4^sb « 
CK aain, xfl gai s^i^tw 582f g& H1 1 ff7|5t 52oiife *c4i(|Aj s*soi EssjcH sia., fe'^g 50B^ n 2 

^7|at 540)|fe =i=S«| S^gol sgslo) SJcK o|EO =^SJ|| SSWSte CN *!© snf# aJ f|fe sfm*(o(|« SE3 aasfy )!)| 
acK 3a|2, 1 ^7|af 62Eh q 2 #7|ato|l 5|CH SUfe M 3 #7|a+# at^g seas &cf. ssollte ^1 1 SI Jll 2 * 

7|a»eJ 52 a 54011 2|ai g-jq^h esi^toiTii gcK a [Hsoii b| ^7| el rt^h eos aaaa uta ?iE(sf3 a«)* 



ae, «2«2| *7| EL ±ns\ cjs out sa 2CDiQest of Technical Papers", SID'97, p.775, 1997)ol| 3||a|s|o) Sfcf. -sg 20l| 7li 
A|a S7| EL ilfe 3:tJ=i'*SS B-«IE^A|flfea AiatMlAiq St*ll)o|| LIS a7ha mss ^as|0) acK 



nai'-K sa 1011 '«Aia EL ^?:khi sicHAH, =^sj8i A|.«a CN *ie sfs* a' fit stees 3x1^*4101^ ^o\'d 

?J°s, ^-Sitfl^jol a*m zia| 3.7eV o|^s| fes aojcK aajHS, o|# ^^s^NI S^^^S gfS^» ?-4l8te StS 

#21^ stSsloi S^^ o|5 sf«l afe <J|7|*t*il('3«A|gai|i:)# a«ef7| =f)* g&oj K^k zi maoii 9.7\ EL ixi-ai aa ¥l£7f ^Hsh 

s|7i^^go| acm sfeSH|7hSl5Si:^t. 

SES, sa 10)1 7BAi€i ^?7i EL ±n^\ WM. sm\^ g^#oi £ga jh 1 ff7is=i ax) f\3mT\ as}^2i *i-oi 

t o.sev oiyss 5 ao|c). owsol), g^a^Ef J11 1 ^7|so| g&oi gsu sa°s £|a III 1 ^7|#as^ei itf#^ss| gxh 
^■aol g|t5l|s|7| ^\^\, ^^!,^2.S. ff7| EL ±nsi atasSol Sffe S^l|7^ MKi^K 

aa, sa 20)1 jhais *7| el xioia)e, Aiq sfiiit s^i* sgsm ao|Ai, -y?! Aiq st^ a u tjeea oi^ota 
3^f*##e SA)4=*iso|A| ¥=^=e a«hois *i-»ii at aiAH-qi* g^^sf?! iea ?#ayoi sc+a sjt asfoi 

aelHS, ea 10)l 7||A|a #7i el ^^JShTj #71 ELit'^SI a# ?l£7t rHSfE|7| T=ao! #Cf:i Sft #«|7) 



nsHAi, * sfgsl »g^»S4t7| SJSl* <X|2| SiSHH, S3i:j^£!^o« SiolAi Sis':* sSfsPI 3tS S)a#s a)ss) 

7\t-\ s£t aiSJcn a©e gf»^ :n.a| si-e»« Afga g^oj aofAiiE, eas £Bh* ^ssw Af§a£s«i ^^^7) el 
a ¥IE7^ fes ofMBj ^aoi a #71 el ^^xw msstt a« ^sjos ^4. 
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s aasi ^71 EL ±^t2i ^mn i ^s)oii aisha, sjc^E gf=(#, gf^^, gx^^a^ »m. g 

xt^a^oii aasw ate gfs.^^ ^si sts* s! eaa ebs» s^su sin, a^^f ^a^ai a^h trn-^a 

1 .8 i-llJ:] 3.6eV S^imal ass tn^k 

a af&^ 2aj 4Hf# set yi, ^i; a! itis oi^chs sfg= ^al sags ^asio) sin. Si e# 2B| a 371 s 

e!7!(oii»sa -cN7i, -NO 

J?!, o^□|E7l, o|DiE7|)am sffe Si «,^S7 5 sl.^^p^ I'^cf. cifsw, sx^^^J £h asjjiai Jiiejoii-«,i a#o| a^^ 

aa, a^;^^ei¥o« Srt sxi# al,^s^x| sts sf&^ aai n^^ni g»ii, sssss-ih a^: nn^ zmm a 

at*-ii sEfe aiA|g5i|i2( aas fic^ *ssw mmoi ^^i el ^lxw moiai m ?i£2i s*^ si *a ass s.a» ^ aa. 
sa, oiEfaoi axfi^a¥2i ^nmm^s xisa°s«i ^oiy axj^g^^oi aoisju-^Aioii, a^a^jaf sf#¥2i ;!»aoii « 

0)A( a«fo|S*tJa| Hfe a|A|sa!(>;7^ tt^ste X.tl S^^'Sl^si aS¥s| *Ma isasl ^^S. eiAIS 4- ai:^. 

sa, Jill 1 *a2i #7i EL ciioii atHAi, gxf ^a^ai #Eiaoiaa lootj oiyai sfe aoi ui-asim. 

o|2^ao| ^x^ ^a^ai #Biaoias 1001c oi#°s e£s«i, #71 el lh^se* og* »a ssis oi^fo^ & <^^c^. 
711 sjn, -^7] EL ix^£| ass ci^ £H©^ ai^k 

Hth, HI 1 sfa*i =7i EL ^xn- acHA), sai 4nt«oi asafa, s^aa.Biaa, mtfsai, aaia, 

EliaaW, ^M!i!, E^I!||ysll, f-iNiillwa, ^3.MH\i& a saiflyaas oi^ds 3£S^N aaisife »W oiysi a-s^ ^ai 

sa, J11 1 aaai ^71 el rtxhs ^sstedi atHAi, gf©^ sai stagoi >:E(g 3ai, r^^hiii n 

a| S! sa[iE|i! s|SS M^ol^oia saa-^E) a^s|£ «m olifal gf»^ 2alS S^S 7[» If^sltgol aH( 



He, HI 1 el ixn ^as^fec|| acHAS. t,m^ ^BS.?} saal^^, i^'SalaS^, sis-s-g?^, &^'ei 3^5,21 t}*h 

s, aa-ai3if2i as<sst#, asaissisai waai£3«f2i stsais*. si.a-sg^£i at fiiE^g'if^i asa 
«tsa oi^KHs ^^^^ sm oiyai mae! aoi antsisfcf. 

aa. 1 (irasi ^7| EL ±x» ^^sffecii 9io\M. «s« EE!-M2| 3.oev oishsi a^s sffe 5oi t)^w^^s^c^. 
^ a ^ss Ea® =1^ act. 

Eft, HI 1 gt92| ^7| EL ^txn ^-SSfeiai ao)AH, £BS7J U, Na, K, Rb 3! Csas OI^CHS 5o^J?E1 id«|s|fe sm 

0|S HffSte Sl^fea^ol feJl biidsi ±%> ^?\o{] s «H S-?: el ±mi 'HoiM ?IE£| Sf-fe^, Oil* S9 SOOcd/m^ 

0I4K7V °i7fia)3| fee aoi 5is, oilg 1000^1^ o!4,^2| e}a"^s*=?'^s4= sj^k 

sa, HI 1 SfSsj ^f7i EL rtxtS =F-a«feEll ao)Ai, gxf ^g^al o||Mx| *fo|S 2.7eV o|4^2| aas sfe Sol h|-Ss|SW. 
ojsf eo|, a^ T^Tal olIMxi *|-o|-t 3711 sll^e axh^SYoll *o| o|*»hfe as #flsw yx|» 1). acf. afaw. axt 

¥ ^wi7f ata-sfe ag sEis "?= flcf. 

■Ea, H1 1 ifg2i #7| EL ixn- aofAH, smsm^^ s.es.s^ s7haigei:20Mixi 2o:i(«ui)a 

¥14121 aaa aoj ah^sisjck 

nal tiasif SS^ JEffESI g7j a|#o| o|Sf s= a¥l W achfl ^7| EL Ax|-2| #g f|E7( xlstE|7lt-f ^gol 

Sit a&o! SicK 
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smSS SS-Shfe a 01 nfSfsisHiK 

ojsif aoi sait ^#21 nei aufss s-s-a°s.«i faoiy fl*f&^o| ^ofiiji im^gj^ofl-iH sf?f¥s ¥h 
m Bn^i o|s«^j!^ gAum jitjsi ^e.w ^^^m =r a^K 

Afol SI ?f5»Sa| m £t oji; s^o|| Tjgs* a*|sfe ao| ufSslshcf. 

o|2f eoi fiE a! a-a a* siism «4iAiij ^ ach. 

SES, S Slilal #71 EL i:J;^2| MWI 2 aS)<HI wo)E gf^$, gfg^, gx|.^°i^ 5! g^Sg HSMi! ? 

2» am. a^^^a¥oll a^h^^^i atst* si sia^^^h 2.9ev oi*ra sas sas-i- ag»m. B^imm^ 

1.8 Ml':| 3.6eV &ms\ HS.S. S« <tSos ©ch. 

o|2f a-oi a^h^Eiw as=5»£^ ^ga« stt eas e»s# s^^ttsstii. s^f-r-sa sfasoi Ai-sjg g^oiiE 

s ssA|?i sois a w. a*f oi# sf*ii nMs^iisi w^* ffs«wi yxiso, -s-^i el i:^^ at>)A-i 

set, oief aoi ^a^^j atfe^g ni*hs.'-°s«i, a^^fTa^fit Tiiffloii siojAi asj ois sf^i as ei|A|ga|i 
71- sf-sste a* sA|oii, s';^^a¥£^ as¥£i sag aefsi ai^f. It^a^*l, #71 ELft^^w stio|Ai a 

a *iE2) s'y usi siiisf 4= sick 

as, »l 2 as^sl EL iiXt^ Steal acHAH, ©S^ Ee57h Na, K. Rb, Cs, Ca, Sr 5! BaS Ol^OiS ^as^N tms\ 
sm o|4fa| sfifEls^ ate BSalaasfeJ aoj HHt5|sW. 

oi# aas HBsfe LiachE sa^'Moi 32, umm ±^si sjujii sisa .^^i el i^^w acn*! as flsai ©y. o(i# §a 

SOOcd/m^ OI4K7V 2!7h=Ea)s| ao| aS, o||« #fl lOOOAlil- 0|4fs) ya<f=a* =*.^8t =^ 5ich. 

sES, HI 2 EL ixm ^ashfeini acHAH, axh=i=^a aha«o| e# ^^^^»« assfe go| B^#^s|*^c^. 

aa, HI £ s^S2| #71 EL i;<;n ^^sfedi 9ioiM. n± a* s^aso| a^t fi^aa S£*ii. fifesi #e*ii, 
^Aftion #Eai. Ejowos #£*ii sa sEioi-B ss.i6iis oi^ofs dajsife sm o|4^2| sta-sei aoi Hntsi*w. 

at.K i!« 2 aasi :s^7| EL 4:^* ^sfteqi ?!io\M. ^n^^^ 4fa«at eaa Hassi 1:20 2o:i(sb|) m 

L«a| ass «fe sol HUfsjsfci-. 

gxf^^^j *^BS2H^s^ SSSSj a7fti|So| o|a|&a*l Wsesig #7| Bi±m a» *l£7h?i|«|-£|7)L4=f=So| a^ki 
HI 2 Bfasi #7| EL itf* ^OiM. ^n^li^sf #£|So|gg loot 0|4f2) a°S «te 301 HHts)«fDK 

o|2^ aoi gx(^a-^ai #EisoisgHi&s°s«i, #71 EL^^AfEi Lj-gHs ^012, ^^7i ELi^^i^i e^s^s£ai^4= a 



Ett. HI 2 aSal #7| EL :tA(# ?Ais|fec|| iio\M, gfa-!?2f S^cl-^SI^oll #iJ& gxH'*^ *^S^w« Algsfe 5io| 

mm. 

a^wa^ a^oii oi2fs-oi #*2| 3x^5=*^ ai-sm* asm^s^, ^lota a«t«oi =;=^siai a^h¥s 
oiiAH stsYs ^=s7ii an7f oi#« ^ aigai- #A|oii 7|7(ifi( as* syAia 4. sict. 

oi«K)iiAi ESS ^zt[oi & gfgsj -iiAi gEiioii nsKH ^saett. ££?!■ S3=s Ea# s ai-aoi o|»iis ^ at ass 41 

e-2| 371, 5! "11*1 351l»7Ha|^aa<X|A|«tei;|| atfecj. [if2tAH,&aBS£A|ao||oi|g>ags|feggo|-Mch. a 

HLLM^iLSa^a, £ ia S-saW & eaai #71 EL r^Afal fli 1 -yAl gEfloll CHSJ -asacf. E IS #7| EL ±n 100a| aSE 
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0121, y=s 10, 12, a:<;i-^^g¥ u sj s^s les 7i&y(iEA|E|x| ^jbjs «q mss a 



10, 12 5H 16 g£i SI msoii cfisiiAife aaswi efgsfxi ^^oii msiiAHfe el ±n e 
(1) nai 1 -MAI SEflsi s± fi^* se*w as^ tmm, ^, b±ic) =^ 

rt 5! 0[^(HS g}S.t^ nal SfltS 5! ^i, a! o|/^CHS s,is,t^ 2a| £^a3e zfzt ^}^°^ Mms. ££ 

o(7|oiiAi Si gf»^ :aai a^f^#£fe■, o)ni ysata, #¥£a, suae!, m. m^m. aai 

Ejisaha, -^sin, NifliyH. fllNiliye!. -MiaAimysi, =awiasfl. BHa, asa. cwasfaakS. !!!=[al£fHaw a dms 
iH« OS oi^ofg i£s-^E| -yaisife SM oiysj ag^ aa|s S^S 7|s e^sfe a-g « 'f- Mcf. 

afi, U± at* 2a| stese o|« ^alg 37H o|■4^2| 2a|7f ^ea SfS^ sal. o(|» sg of= 

ana #S ao| acf Hf#=qsfcf. c\sy SOI a:"!! oiys) aa|7h ^tiS lLE.\t S^^h olsaol feo|-J:|3 

EL iixfo| uj:^ ^i^m i,^fe^A|?p^l-^ ^n^ga^ss *a * acK 

a?i, Si: s^f* a* 3iai sfass :iEii! *iea ci^^Eia *ie@ a-©^ heh at sai^rEia 

*iaa 3ais g^^a 7ifi sck 

o|2f aoi iEia *ifia aei* 7fg£s«i -ff^i el rt:sF2) ats- ah sj ac^ 9#Aia <)= ach. 

cH7|o)|A|, iEiH s|ea 7|S If^sfe- 8^9^ aial oils SH. 101 i-hefy! :^is4|2S HAisjfe a^e^t# 



4|o«*1,n« ^e-f=» a-«.|sm. nS 1 40|ch. 

as B* a':h at 7f 6 40a ymvm aaooici-. se at 

Bitf'^t 6 Mi^^l 40£! ys,t^7|0|2, Ar2 « Ar^S zfzt =fi S^h 2fe B:i:=?=7j 6 402! af«S^ 7|0|cK usin Ar 
1, Ar2 3! Ar^g s^L-^ olUB "JV^ 7|o|cK s»i o|ei?i 7|fe 37H o|4fa) Jie|7f Efe aas|0) Mfe ao| B|-g«)stct. 

A;*-L-Ar5 

4^71 itotW.LS B±^ B Ml^l 3021 ofBSl^lOlcK 

oisie ofsa 7isfe, o(i» »s nua, aimyai, i-hHga, sfsahamaoi a^as|«^a, a& oi-aa^isi yasei aoi 
£Ea Ar" ai AfSsfe oii» sa, twy asana. i;iJ?iu=ii!!oi tihti-5|«hi:t. 

Htf y7| 1 ££t 2011 ^Efy Sfa#S 5SIS7IS *ieste aol uJ&S|*H:K 0|2^ a* oil* SS it±^Pi 

1 Mi^^i 307iia ttS7i, 6h^>f'7h 1 Mixi 307Ha sn^Aj?!, 6 m':i 307He! ohBiH!7i, tiohaofoiii?!, N-sanaes 

7| jEfe N-lSy?(u«a7|7h at#si«W. olS «|«7|s «iessa^ SSas^ol ys masi Sl-as JtSsjos afq* 'i' acK 
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^^ ^^&eo| t}si& a^oii ase ?t*!-^is t= §as saiai^^K itfew, sag sesfe siss eaa« at aois 
sasi^ife a^iy, ?«i5tss aa^is^f, aa-^aa^, sisss^, aaais^si ttst*. a&aia^ai s^sas^s, » 

uHtsie oils sg Li(a|S, 2.g3eV), Na(i-I-Sfi, 2.36eV), K(aS, aSM': 2.3eV), Rb(TH|S, 

am^: 2.16eV) a! Cs(^fl$, l!a=^: 1 .95eV)S * 4= acK SES asya) i|©^f= a& Sat*t5fSa, 7|£S||, P493, i!&S|-Stal 

ajoii aou. ^^7|cl||/.^£ nhft^jxioim. 

EEB, uhS-slth Waalag^Safe, oil* »S Ca(B6. ttS^: 2.9eV). MB(Dmt|^, iSJ-^: 3.66eV), Ba(ti», 8ia-=*=: 
2.52eV), a Sr(:i=*B, aJS'!': 2.0 Ml^l 2.5eV)e § «f» acK SE& iEffftS) a»=f= aS Sa[y£«l qafolial *B|. N. Y. 
2fO|S-1969a, P366]o|| 7W£|ol a^K 

£EQ, uimil amfS'^sefe, OUS ga YWOIEI aa, ^in^-. 2.6bV). EuC^S©, ae4=: 2.5eV), Gd(7ffi&. am^: S.leV) 
Si En(o||sa, Sia-'f': 2.5eV)« « ^ ^i^K 

as, "lasiS asaiasif thiJSSfe, ojHi sg lIjO, UO iJ NaOS S acK 

£E5.K ataate gfaafsa^f ashSat. <4* #S CaO, BaO, SrO. BeO SI MflO» « 4" acK 

BHfsi0 8fasia^£i ssasf#sfe, "nm sa uf. nbf » kfsi- o|ii|oii, uci, kci ai Nac« m ^ acK 

st.K H|-aqa Sfaalsg^rS) gazaaiSSfe, o«» Sa CaF2. SaFj, SrFj. M0F2, BBFjStf #it2JS 31 M^SHI o|2|e) a 
o||» sa sf7| s^a^i| 3011 ^bm =f-s.ns.s. aAlsm; 



#71 i|oiiAf. At B&aig^« ^EM Ji. Ai** it:£:=i=7Ho n^i 407Ha a-sfsf a^f^»o|c^. 

At7| sisfij 30)1 jtAia gfsm ai-a«£fe. oil* sa y=ani, i-tssa, quiwetaata, Emy. fjeifliu. aaaiy , -Hia-«.i«i 
y a asi *si(iis « acK 

iit«°s a^j^gi^oii aoi*) sfiaai S7I-S0II i:Ht«i -ase":f. a^si^ei^* ?a«tfe xhs gsam iooss%£ stt a 
*oii ea^ £BH2| S7Hfa 0.01 m^i sogif* a?iMifii a^a sh= aoi u^iJ5^s^c^. eaa hb-ssi a7Faoi 0.01 ga% 
D|yei s^. S7i EL ±nB\ a^a *iiE7h x|3hsE|7iu+ ^^goi a^sit a»oi act. aa, ss^i £#=21 a7Hfoi 5osa%s i 

acna BS?|H7fj:ms|7m-?=S0| eassifegsoj acK 

am>-i. 5!) 3Soi s.c[ ysswi sit agoiiAt egg sesoi gjfg^s 0 g lh^i 2osit% a?iMi2i s^as *f 

yoi act HiifsisicK 

ae, seaiii S7HFCHI ac^^A^, g^a^ sessi asi-Hiag 1:20 m^i 20:1 (««(3 m^^i staa 

go| H)if5|sfcK s^h^#-s s.ms^m^ smai a7Hiisoi oiaia-afl ?foii ac+a, #71 ELrtxfsi &#?i£7Misfsj7i 

a.mM. 3.E.\ mnsn Sa^S eSs^I S7f ulSS mo i-llsl io:i(«h|) S^HMIsI a°a go| ach Hh&s|SQ, 1:5 
Ml^l 5:1 B*IM|£| aas a)fe ao| tl^ HUfsisfcf. 

a^i-aat^a e. Jdi 1 vmon a\B axj-^a^ai axiaihaie i.a lh^i a.eev 3*^11=1 aas sfe aoi a^^^s^c^. 
tm aoi i.8ev niEfoi sjs sxi^gi«o| »ists((H ?sasisi s( wsfissi 3fi»» ±5H*tfe asol aa. SB, aita* 
^ aoi 3.6ev« aai-eta. tfsagoj ye *tii!7i- ^tii gt^stxi ^714 asa atfai aas sgsisa etuis =?= act. 

tEl-aW, ax)5^fl.S'e| a^rasf^g 1.9 3.0eVBaiMls; ife Sci acf antai^m. 2.0 Ml^I 2.5BViiflM|2| as£ 

2*h, S^a^al a?:fafits^s| ;5fo|# l,2eV o|tf^ aas 501 ufifi)stii, O.SeV o|S)£| s(t aol acj 

Hha^lsW. o|?d axfat)5^°| xfo|7fE,teo>g gx)soiJfcy|Ai t^Sf^sol 3^)T^8.'oi SolsdxiJi 2^g90| 7fee^7| EL± 
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^aigoia ag. m 1 SEjoii sjojAH. sif^ai^oi ^E|goisW2iao|SE)s 100-c oiyai gsia «fe ao| afaaisf^, 

filc^ H^s^qs^7^|t ios lhi| 2oots haliioi gjo^ 

oi2taoi sxf^ajfsi ^fEigoias J;^ia&^°sJ^|, el±xmoo2| ma SE»so|sf?ii ssid oi^jas » acK ajaw, 

CH ^f7| EL iJfsl ESS 4= SicK 

sEEt s^f^a^sj #2iaoias axja^sj^ ^^ssft asoii qi««*t, -«.i*hs^Ahs ag^iKosc)* ^-hsssw s:t7i*goi|Ai ^ 

A|0(0|| aO|AHE DjSh7jX|0|Ch. 

ollMxl *Fo|a g.h. Ill 1 gEHdl ao)A) S^h^a^2| o||L-|x| *ho|(ge *to| o||L|7:|)« 2.79V oiys) ass Sol H^i^s|s^ 
a, 3.0eV 0|4f2| ass »te 3do| acf ujgfsisl-DK 

oi2f aoi. o|L-|x| *fo|£i a« isa o\^, on* 2.7ev oi#os sfoi g=oi sfsjfg £2^*^o^ sxi^a^a oissft 

5!o| S^CHXITII slE^t. ttfaW, sx^o| Jiiaefsl sgol sysKH EL sfif ^oHin SA|o|| gx^ip°|^ xw 

SiJ!, <HI« «a o|S 9-^ sfe ^2et£ s.ti, axf^a^e) ¥1011 q|s|| ^«| Jjastfe oWxiEi 041* SS o.lnm 
mxi 1pm aflM|2| aSE Sht ao| afasiSha. 1 M)x| 50nm Hflmal as* »ffe Sol fief u^i^3S|s^c^. 

stt atstgas s««f3ia *jsi fliasife ae owxisi, ot« »s s«tB, isasa, Tiiiaa. lbs gsi sxia gm* 

see, sn^tirsi sf#ir2| «^ aoi nufsisfcf. on* #^ afa^» e*tBi°s s^se a-^ont gx^3F^i¥ 

mieoii, msi zwfsf if a«Ai£fai ej^# zzn^ m #aisw. aa, axh^^a^st its^^h amm «ioix|7i ansoii 

EL itxi-al 94fA|?|fe g£ 7^^s^7|| sch. 

(2) l!fa-¥2^3LS:a-a*s| ^^jiissa) Afssf^ ^^l sf^lal 37BSI asl as ao| HHfi(s|.i:j.:(a) sshal 

a^is- e!7Wo)i sEfe as^asss^Ef ggg as ea, s^e a:^i^ajf sj^n a^tw ?a 
» * at (b) =f'*7ife: ^aa a a7iaai a^s oisai?!^ 71^(0) 1*971^: asoi jflae«tfe 
« mm o|*s aasi-Til ^I^A|?|fe 7|tei^y, (a) i^x| (c)si zt 71^© s-sii sf# Weai aaa ow^^h. 
o(l» «a SSal ¥a =^=#^01 Sxjel ?a 3711 ¥|cHy SSolAiE ^fis*) sffffi ao| acK * sii-aai 

aj^g a-a^s2i axi oi#s ^^s^i?) a°fg xisi-A|7|fe goii:^. 

o|£t #7| sfg xiissfe 3SE|oH7)l, "fi soi □ | cfgTj , sus^ahjii ss| ISnsm %i :!tBimnn ara-S, 8-iHfealte 

sa tiiiEiiofaa #2^21 S7| ^a^lls. cii»#a, 4,4"ti|^(2,z-t|jn[yH[y:H,4i|u; gg- t[- = s g-sii s^sc^i giil 
CHIAH S(41|^^x|o| Ajj^^ o(|» sel as S.±^sn § = 0; ^b^, E^Sai?; ^^7| as ah^tilsfcK 

¥(cHy astaoi 'ai>i:«i>H axf^s s^ohah as¥s ^hstii a^7f oi#s =^ a&jsf s>.|txi 7misi ^f4,^Ala =^ 
acffe aaoiiAi, ^#^21 ^« x||sa^ a^^t^a-^ai ^^^xiss ¥«^£s a*iAi?iAH as #a&s*2i 

ss, tfs^af gxf?a^<H|AH ssie #»2i a-s^ jiai stesoi fio\M 5ogg% oi^tei aoi uhasism, 6o#af% oi 
yeiaoi fiiiftint3E|sn:f. 

S^a^a^fsss wa^e aastt aaoii cii«iiai aaach. oi« #a, gatH, iaaaa, n^m.'s, lbb sal s^ia g^a* 

as, y*s aoi ^x^<?gif2^ as^t sae aass s«A|?ife. goi ui&sism, otis g=j sx|.i^gY» s^"j°^ 
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nsn^ a-^oiite ttsf-s. ssfa °s *iisste 

iiJ 4^oia a! =i3jotiAi 7|els^-fe. 7ifei<s! yoiatm ^ sji^k es, ^-j^i 3^1 a^sns 

aStS2L?ixMo|2f Sfol SKJi S^a agifEl af^JHIoll ms||xife SSI Jin, ^t^toii ofBW i^gsl iia|tf =^ 5nm 

Sum ao| uUfsistcK g^a^sl atip3ij7f Snm oiyss #S ¥l£7^ x^s^£^fe aso| aa, SHH ita¥2| 5+ 

¥'fll7^ 5|im# ±awg oj7f g?|s| ao| feo^x|t at,'o| SJtf. tthaw, a^a-^^l ati^slie iOnm Sum afliJI^ fflsa sfe 
ao| acf 20nm i-ll^l 1|im a*Na| ass »fe 5!0| c\^ a(^sjsfcK 

(3) a^aaa^^SSSfe SJ&^7f S-m* »9, 4.0eV o|#) S7|a£4^ at nal SSSS -ifSSte 5!o| 

ae, 8f^S2i at^JHiE Mfisi-fe ae om^iu. 10 looonm ha^si ass *fe aoi Hhaisu, 10 m^i aoonm h 
fluii2| a°s «te a!oi acf HUfsistcj. 

ae, a^soii a«H-yfe 'u^^oi\M itMS ®# st^cni ^asw 'i' as^ liiasj os ^aa a, act ^*ii«jssfe #f-3t 
*oi 10% oi#si ae! aoi uf#?sist4. 

saaea. -t^soiife ^i^^n s^^toll» »a, 4.oev piej-) s^, ?t^, a?! ses sfas a& nai ges« Ai-gstt aoi 



a& g^SsI H^ns. ^B«l flieslfe a* oH'^IEf. 10 ^^l lOOOnm H*IM|2| a^S. *te ao| ataslse, 10 Mi^l 200nm 
HflM|2| Stas «fe ao| Ma ujas|»n;f. 

(4) 7| E^£E^^, E 1 cHife L^E^l.|.7:| af?:is>. #71 el i;>:fs2| a 4fi2i sias ahii*h7i ^^i- a*ii* as * «e 

an^3E)e assai JtHSfife aiEaf#iii£saiisjg2f is oi4f2i sasf*«« saa EfaJNi seasgse-'-i?! =1=^^ ssm; 

«sa ^i«go|| 11^4^ i-±tS^ gg'^Jfl; salitlgS!, #£I=S9?!!. SaimiimEhHilBllolE, lB|o[a|E, sa|ya|| 

oh Sa[EjiaaH^£^oi|g2i!, salsssSEis^asoiliia, »a|c|Bs.sclB^asoiiaifl Efe SssHa|lT£so|(gaii4 
c^lSsst:|g#^£So|gf!!=| gsasNl: 1% oiyal S=i=S »«; S=*=*0.1% o|sta| ys« »a: In. Sn, Pb, Au, Cu, Ao, 
Al, Ti, Ni §£| 3^; MgO, SiO. SiO 

2, Geo, NiO, CaO. BaO. FSjO, YjOg, TIOj §21 5^tfSt«; MflFj, UF, AIF3. CaFj §2| g^f «:S:«ta; JI|ST£S8fy, flS* 

w §s s 4= act. 

S£tl. aSS2| a-Soll Xio)Alt as§stg, -aaHa, ^^iflNga, THrtaa, MBE(S-x|^ ajS4!S-(epltaxy))a, §a|>s6| olS 

s cvoa, 7ti:i:i: cvoa ^s«i «Hsa t' sii^K 

jaxMiLSai^tsss. ^ s!-a2( #7i el ±^[011 mM n 2 ii-^i sehoj msi ija a vst^ m 1 aEjat #g 
*fjii, E IS a>t|£ife eoi gt=s 10, wa^ 12, axh?ei¥ u a lea 71b(£a|£|xi stv m ms. mm 

=iai3i, m 2 4iAi SEiife sii 1 SEi|2t gal a;^h?a¥ i47h gx^^a ai nn^n 2.9ev oisra asa ? 

as|o) at So||A1 4fo|8H:t. <H3iM, *P|2| a9i>l|Aife a':!^'*^ S SJS'l'7f 2.9oV o|sra fifi^ Efiaoll cHs|(/H g 
^jsl °S ^gsm a2| cF* T^oii m«||AHfe )HI 1 SEiiat §ge ^ a ^71 EL iJCfs) goNI ao|*l Siysias g^is ^ 

flxtifia-fiSSfli 2 4iA| sBiloo acHAH, axt#.aYoiifea'cf»f=#^ mss.M n 1 4i-«-iSEii£f saasi: 

afs^ :iiai stasa sia, sea a* atas* a^sfe 4i7i»as(Et*sw a* sta 

»s ^afe 3¥7i- sich)s saisfe as B^#5|»fc^. 

HI 2 4iAi gEMi aofAit H1 1 gEiief sa) ^aj es^oj s seas Afs*F7| uiischi, s^i^iAi ^eis gx^# 
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ns.si wssfe a« sgsjss ejna ^ sjck CI^^^A^, gxf^a-^oii sio|a| gsf ois stsii at 5i|A|«aiioj 

*t*ii a a^: aai stseg # * sic^. a^ ai Si aai »e#& S3t^as^a|o| 2,7ev oi^hs a 

ng al^BSlB sfSISfe 8-flfe2Jfe SiE*ll# aW^S. «ffe a^SfSI, 0||# fig «h7| SfSfi) 4S aA|s|fe Ha|i,(8-4H 

feE|fe)AI Sffll, as|i(5,7-t|esS-8-lHfe2|te)AI StsHI. S£|ii(5.7-C|SaH-B-f)*a|fe)AI Sfal. =a|i(2-IH|g-8-TH»BH») 
Al *f«l, Ha|i(5-o|il-fl-fl4ia(is)AI m, SE|i:(8-?HsE|fe)Zn *tJ|, *2|ii(8-*l*a|fe)ln £e|i(8-flia|fe)Mg sfai, 
=a|i(8-?lfea|te)Cu £a|i(8-flfealS)Ca sa|i(8-flfeB|fe)Sn , £a|>i(8-flka|fe)Ga st*8 a sa|i:(8-?l 



EH, ai aai s^a«st ^moi^ ^zn. eiowojs ^^ai, aajohs i! * 

DISS Hh#5is sfAWohs fi^£Eii2| oiie sf7i statii s a eoii, afasith Eiomora ^e*i|2| qiiEaie! oii» m 

4j 70)1, Hf&siS aa.|o^s #Hiias) cHSsfsJ in* spl stSH soil, f|4f4ta SE«|s| qiffiSjE! oil* spl sfsfil 9011, fIteE! S 
£i«|£|'q|HS(£! oil* Sh7| shSfiJ 100)1 n^t Mel-yitK 
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Jii 84-194393 5:011 tfs* xfls^Ai v\n^ SArasa shsgg Aigshfe B^as|3^l;^. 

cl "oJt'i chw^ a ^^I'T 2*9ev°oi *^ es! J^s'ssL sJS'f'Jh 2.9ev''o|shoi'a, a^;^=^*# sfftwoi t^£^E|fe a^oiit 
esao] 7f*ee5!ssais!cK ast4=7f 2.93V oisfois, m 1 seii<hi acH^i oj|A|g sMei sf&ai3^, 

SfSslae^, ysfg, saaiS^al afi.a!£fS, aSJ^iS^sl iHSf#, iflJalag^EI «-s?flSf*, 4I 

Ee ^iHiaias Sie^'Jt 2.9eV o|sra H^g,^^e ess seMAHt Na(aS|-=r: S.SeeV). K(aa=;»: 2.28aV), Rb(a&=?=: 
2 16eV) a! Cs(ttg'i=: 1 gSeVjHS oi^cHS ?cH|ah Sfuf o|yo| sHajasSf a! Ca(SI»*: 2.9eV), Sr(aa=i=: 2.0 Ml^l 

2.5eV) Si Ba(a&'^: 2.52gV)°S o|^o1S 2o(|a| AiafElte «W 01«s| aSfalSS^* « * iai:t. 

oisg fic^ HUf^ie SfflAj EBsfe K, Rb Si CsS o|^(HS 5o||Al *!a|!E|fe. ol-yal °f|f£|3^o|a, 5!S 

Rb Efe csoi 2, t^^g^s|*^ as cso|ck ois sa^t^^s m\ s-a ^^oi aa, gxi^avssi uiasi rh^sj h^m smsh 
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i^fs°s g*fs 212B n 2i2c« ym^io^ 2» gsta 212B a 212cs-^ei nnm m saa ebss- j 

a^l^ia^i HEf214« Sia 7|3.203»s|g^id 213AOII ajah ^igfj ^E, oflS §g 1 <4x\ 100rpm°SS|; 



o|i2f eoi 4!Aieos«i 7ie 203# «gAi?i':i a^o^^ n 5u -shpf sgatwi ^ich, m±ti°\ 

OHM a»l|sjss atai 4=51^ y^K see 7|as gSAiacfe 7|s 2]^cH| Saflfl- 2igA|7|t g 



E&, Jill B msi Hs. ya« -sJAisfteqi s 
y! aw aoi 20301 s-?, < 

2| 21 2A mij:i 212ES 7hys 22 



tHAH. y\B 20321 aA(= ms| 5.hij£j3:|fe ^x\o}, 01|5 #S H 7 SJ H 80(| i-M 
7|e 20321 SlS^i! 213A» g4i££ 7fyS 2212j a^EW ^ 

i2i BtasM, 713 2032) aa2i aoi«Lsa3-¥-c»i, M>i/2xLsa^«i-fe 
#s!«fAi sm -yoie a^oiife 7js a aai aoi« ls titn. 

Z\ZE&S.t-Bi 7IB- 2030)1 c))a g*t^S2| flAjitE* AHs. #asW St 'i' M 



Fy. n) 6 -sjAi BEH_=) ni=E gfa* 4)A)»hbE)i s!o)Ai, H 7011 qtfa a^£^ eoi -s^^ 21 gas 212A 

^t! 213AS g&'SS *te 7)y«j 2212) S^4fol) -asistt fe^a* & WS2| ^^ff#a^ ? 

+. £E», s^^ujS atif»)) a*S«l).«K 4fo|«|.7| «fe g^o))fe ais go)S ?)*)oi) ««|S)fe go| ujas) 
i nSS *)te a^oil zt gsfas ssj 54!o))A) 3607n2) zfES. ii)l*)ah£ aoj gcf. 



4 ifS 2S# 



cfgo)) fl) 6 4iA) aE«2) Dis aaoli 2)«) ^aa atatss) ea^t))) q)s)iA) fic( i^A)ist7)i ijaecf. sm2) oos. axK=*a af& 

ms.M Alg* A)s«)2 HeaSA^ Cs» AfSSU, ^ 90)1 ufEHa 7|B 203s 5rpm°a a)SA)?)gA^ afijijHI at 1000A(li 
Sa)2i atatSS «f7!2) sass -S^jesfehat^K 

A)q2| Sit^E: 0.2nm/s 

Cs2) SSf^S: 0.03nm/s 

A)q/Cs2) at^s)|: 10aDA(^aa)c)SSS H Ml i-fEM ^e) 7ie 203 ?)2| *sa(4A M)?;) 4M)o|| Sio)A-| afstssl af^J))) 

# ij^Aj at^ifli ^g7is A^ss^o) ^gsm cs/ai2) i^u)e ^a':F sa&*i(EscA)» a^ssw ass)«c). a 

a, £ 90)1 l-^E^tfl ^a) 715203 *)2| ags(4Ai-llA) 4M)S 715 2032) aa#D|E| I6gg«)0i S S2| ao| P7)S0mme) SA) 
2tS2) a«si)A) o|g?*)e| 8)2)2) aAHE)(137Hdl)S?>go|IIt. =^^£1 12(# a 1(^1 l-lEl-tljcK 
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ea, 203S sisAis-ixi sts a o\m\4 n e um vmsi nx. ya^f #aisw ^^m ^ 1000 Awaa)^! Bjatss s^sm 







CsMlH 


4A 


895 


0.6 


4B 






4C 


884 




4D 




0.7 


4E 


922 




4F 


1022 


0.8 


4G 




















908 






895 


0.5 


4L 


920 




4M 


950 




91 A Hfl8^2 aH^F a 


M fls afa« s^f 7|b 203 ^ga(4A mi^i s\ 
st^mm, s.n cs/ai£| s^saKsuD^f 1 .0 nxi 1 ,ioh£| a^i^hs « 



II- 2a"l2J afatSol g 



B ^ act. oils ea 34© -yAi «Ei|t«i aoiAife aa^sf a^i^a^* ^s^i °s ■asiia'tiy m-srst s^ff yj?* win 

shL42| S°s «MH *cf. ffitt. S^Ssh Sf^S2| Mo\ot g(2|2| JEfsa S« 4fa»ll£ Scf. 

<j>.ii>ii4i*ioii m soi E s SI E 7, 8s a^sfa*), e- <ms\ hmou 1011 qi«iiAi 4iafflc:f. s. son ^[^<a hmi4 121 #71 el ^ 

102a2| E 2011 i-fE|yi fli 3 41-^1 aelial EL ±n 10221 ?.3E0| ^g»c|. 4|J>-|o|| 12| #7| EL i3t|-102aO| 5UCH 

Alfe ss^a 'f'^s 18S, *fBiis 2iss as^as isa a isbs atjfe aoti-M ii a 41*1 seksi #71 el 



EL ±^^s\ Sal^lAN 1 SI -S-^l EL iiXt 102a* i||S«ten|| SHOiM^, af^sll 1 .1mm, *IIS 200mm, 7fS 
2| TSe «£| 7IS 22 flo« Sf^S 10°aAi IT02I ¥S S^af* SSSI^c^K 0|S| ^2) 7|B 22Sf SMS 10S ef«K>i 7| 
r S E 80||A|t 203)£S m. 5|^«ll*i JIB 30# 0|:iiH£«agS Sgst ^igsm, Hfl N 

ill) ^!f-\7\mM as^ia uvwfiiii) a ass ajssw iosaAiig*i-anf. 
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^ ® @ 
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KiPRis(s:)H^5fsa) 



raoiXI 16/28 



EM-121 Bfif JHI: 40nnicfS£tS gstS 21 2C 3! 212DS¥e| «h7|o|| i.(Efy! aasa zjzt EM-1 §y US #A|tH| ggflJI 

7| dfS^ 12 *loii axh^giit 14S Slasehai^. 

EM-1s|5St^E: 0.1 0.3nm/s 



EM-1/Llsl sf^sll: 20nmaa, *A|5^^*^fec|| %o\M m m MEfyj gj^o|| c^l-ach. ^, gsffi ai2C S! 212Dfe 7|B 30 
(203)3) 213AS^N =^SgJ-SSS 30mmg SOfU ztzf -a*l=l<H SiOl. n 4}Eflo||A1 7)a«fol if #Sfa 212B S 

212CS^6| Z|Zt EM-1 5! □* #A|oi| Sa-A|asf gxiofl. H6| 214» S|a?SA|7l 710 203-S- m^ii 213AO(| ataj 5rpm°S 

xfaA|?igAH gxj^a^ i4»xiisshach. 

Dh^|at°S 5*fS 212DaTsf »P|a) 3Eaas Al« S^h^a* 14 *|o|| S=S 16* gsfAIScJ. 

A|H| «Sf!!f£: 1nm/sA|2| af^sll: 200nm(3) EL EL ±Xt I02as| gsig is* SHSq}, SRg 10« 

?f[+)a^°s «H3^ sfs? -^(01011 7V21 aa« sj^fsfsacf. oi [nai a# aist si-?! 2 3011 hem aoi i.omA/cm 

2o|Jl, o| HSI AOcd/cm^olni, y^iljs S4l|o|a^. 

EES, ■& i:^:H02a21 ya=r9S 1000-»-|yo|2i^k aa=?=go|5f^ ge aassS lfl|3W SfiS-^iy* 

aecK Oils sa, -yAlojl ioHah^ ?|H7J *|q)?|£ 40od/cm 

ns| yas! 20cd/cm2°£ « iiH3;h?:| iiaa aecf. zfzt ast* a 3011 i-fEi-acK 





as 








eiif^g(A| 


















1000 


2 


EM-1 


EM-1/Ca 




1.2 


50 I2.B 


1500 


3 BEM-1 








60 ip.S 


1600 




EM-1 




























EM-1 












3000 






EM-1/Cs 










1700 




EM-1 


EM- 
1/Cs/Na 












9 


EM-1 


DFAD/Li 














EM-1 


















Alq/Na 






















700 


2.5 


1000 




EM-1 


H2/Sr 












°S S aaal 4!A|oil 20)1 H 






5f-7| EL rtxhSl ^_ 





naia ^7| el 41ai<xi m ssiswi tvsj =snf aets ii^mn'^. 01 ma) a»aEte 4h7i s son ^Efa ahsf soi 

1 .2mAycm 

2o|j1, SEt SOcd/cm^OiacJ. aj* -ilAlod 2S| .^71 EL ±nsi ?iit^SB 1500A|Z}0|SicK zfat fiaf* a 3o|| i-feUd! 

^^^yojL3c-^gos. g H^gei A|A|oj| 3011 CJSIIAI asm. 4I>-NI 32| ^7| EL ±nsf -ilA|oj| ia| #7| EL ixf I02a2| 
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HMot A C^SZS. S asal AjAioji 4011 qisHxi ^gScK -yAlof 4a| EL ±ns\ -ilAloil 1S| #7| EL I02a2| 

EM-1 i«oii omM i.3« g7mai;K 

nala #71 EL ±m -^J-M 13h ^ftlsWI 7V2| s|# Sfl-g £!7hshan:f. ol HS| S^HHfe 4f7|£| a 3ofl H^2f gol 

^013,^ Ba?iEfe i46cd/cm2oisiiiK feU|o( 4ei EL aa^i^He leooAiyoiai^K '^^a a^m a 3011 ^ 

ami 5 M);t| 7 i^|ga^ g agal il^loll 5 Hxl 7^1 Satn^l. ^-^loii 5 MI^I 7S\ EL±n^l 4!-^!o(l 1£) *7| 

EL 102aH| ^5£^ °^3, -^^NI I^F gaaJTII UliHfSiCK [i(eh 4JA|o(| 5 Ml^l 70(1 Sila^M^ itn^H^o^l i^tJ4^ 
S-^i Li cflt! CsW^) g«tS, EWI-1 iStHi r,lBl|A1 lg(-y^ioJ| 5), l.5«(^A|oj| 6), 4.0«(4!a|o)| 7)g 2t7~t S:'WacK 

nalil #71 EL iXftHI 4|A|ot| 12| SS!*PI| /V£! ^l-ff SPJ« eli-hstatf. c| [ijei S^gEfe ^A|oj| bO(| 2lo^A^fe 40nnA/cm 

>1I 7011 SiCHAHfe ZSmA/cm^OISJuk asa aflo(|AHfe Cs S^si a7^&0| S)# 

oil saolAffe lOOOcd/om^oln, 4|a|o(| 6<H| ao)A(fe ISOOcd/cm^oU. -41*10(1 70i| 5U0(Affe 

L a>a-t-ao|| ^4|S^A^fe JJaioj] 5^ 250CA|^}o!Jl, -yAltt;! 68 3030A|Zio|I), AJAIoil 7e 1700A|i}0|ac|-. 

■°S e SfS£| 4JA|0|| 8011 mslA-i ^g^-QK -fejA^O,! 82] EL ^A^o4 :?3;i 



aa|a #7| EL iXW 4!A|o(| laf sajs^J|| 7721 s|# gas E!7W2cf. o| n|2| 2#ai£fe 40mA/cm 

^012, sf#»i£fe iooood/om2oiaq-. iEs 4|a|oii 82| #7| EL i3c|.fi| Bfa-f-se 25ooAiaoiacK zfzt a^t* a 3011 '-^ 

iiAigL9tfgos » sraal 4|A|oj| 9011 mM ^SScf. 41*101 9a| #7| EL ixfal ^sfe ^Mon is\ #7| EL 102a2| 

Si Sastcl.. cfEt 4|A|o(| 90J/Hfe axh^a*2) ^Sa EM-1 qii! Sf7| StSfil us 4E|-Mlte qqiy asshfl! o|S«|(DFAD)» m 
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ns.]lL #71 EL ilMoi m Sa!*W 7V2) si* gys el^hsjgcf. o| ma) a^BEfe I.SmA/cm 

Sola, mzh 60cd/cm2o|5acK SES 4lA|ojl 92I #7| EL4^x^s| gha4=ae ISOOAiaolHck zta+ =?=^a a^HI a 3011 

iLygyoctgHs s afgsi 4|a|o|| 10011 cii«ii*( ^gt^c^. ^j^ioii io£| #7| el ±Xtsi =?-^^ 121 T^ssf sa»hcK cjet 

4f A|oil ioo||A|-fe Sxt^fl^sl JflSS EM-1 qiiJ SfSt-N 4S Alq« Af«sfa. U 3^ q|4! Cs(a(I#) 3^ 

S AfS*|-oi Alg 1-10(1 OiMM i.oas siHSt Sfe h|SS S^hShacf. ol g^2| S'l^S^ai ^HlSoia-S DSColl a|s|| i^gsss 

nEi2 #71 EL ±mi ^j-m i2f nsf sa# Ei7tsfach. oi msi a^ast 25mA/om 

2o|2, SOOcd/cm^olsicf. ^A|ail 10S| #7| EL :i:3tfs| ya"f=SS 2500Amo|S£!i=K zfzf =;=^a gaW 3oil i-fEftJ 
iJiM_ncfSS£ l.'g»l -yAidi 110(1 mM ijgm. -a-^loii 11S| #71 ELix^e| 4|A|ofl is| #7| El^nsi ^3E2f 

^asfa. jyAioj iioi|A-tt gfs^ a! 3;<;h?sJ¥2| ^iisa em-i ma ±n^i| 4S ^E^y Aiq« ajssJji ©sa hbssai 
Li mi! Na(^E#) A^g^^o^ Aiq i#oii q|8|Ai 0.5SS j^E^ shfe ui#s a7^«^ac^. ses s^fijifl^ oisiai ^ § 

zialU #7| EL iJCIdl 4!A|ol| ^^ 7V2| s|# aa» 2!7tsrach. o| rflsl a*as.fe 3mA/cm 

^om, flEfeaoood/cm^oiacf. sEShiiAioii ii2| #7| Bi±xiai aHa=f=a-& 3oooAiaoisac|.. zfzf 4=^^ aat-easoii 4EHd! 

^^MJS.'=iS°S. S atgal 4|A|o| 12011 c^^M SSSfcK aIaW 122| #7| el ±xisi 4|a|o| is) #7| el i^el ^saf 

■gashct. cfEhiiAiofi i2oiwfe sxt^gj^s) ^ss EM-1 mil mM as. ^ei-yi tmas snjs(Hi)a Af*stji ess 
■SA-) LI 3^ mi! cs s^a Ahssfoi Hi 1*011 qjsiiAi i.o#s =i£^ *fe H|gs S7fs^ac^. oi a^s) sxj^a^ai #aia 
oiaa Dscoj 2i«ii m lostoiKc!. j£?! a4?ei¥ oi2iei 4i>-ioii i2i sasf ^iia a at^jfis «^al^^. 

aa|2 #7| EL ±;^W| ^A|t)i| laj Sgoh?|| 7V2| s]^ gof* ^!7^srac;^. o| afls] g^SE^ 5mA/cm 

^om, zoood/cm^oiacK 5£&^a|oii 12s) #7| elaai<=i sfifs^ge ioooAii}oiaicK z+zt a^* E3oii L^E^y 

■tiAloil 13 i^tSaBg a^asl ^A|oj| 13011 CHSJAH asacf. -MAiofl 1321 #7| ELi:^^5^ -aAioll 1=1 #7| ELi^ij-fil 

«a*Kh. i^fEt il-^loll ISollAife a^t?a¥s| aHSS EM-1 mtl «PI Shatil 15S '-^e^y! ^AlD|o(S S|-a»(H2)« A|S*Ja, » 
S^S E»aSA1 Li fflt! Sr AfS»M H2 1So|| qmM 1 .OSa I^IE^ «fe a7hsfa>^|: 
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UM<4 15 [:hgaa g a@2t -ftl^-loll 15011 1 aSttef. •41-«-|i))| 15£| EL±Xtsi ^Sfe-4|A|oj 142I ?S£tSa«W. ct£t 
4|A|0| isolWfe JSI1 1 ^aS 20S.S.M BaO S ^4! atJf»« 5nmS| UF(«sfa|S) g* gSSSfcH 2|s( S^Sfacf. sst »l 1 
g 20 o|2|2| -jJAlojl 12J JflS a ^^HS. sfacK 

aam ^71 EL ±mi 4!A|CH| m gS!«J5fi TVS) s|» Sas 2!7ftsrach. o| ii||2| a#aEfe 2.2mA/cm 

2o|3l, tta flEfe iSOcd/cm^olSJtt. IS 4!A|(H| 152I *7| EL 3000>-l?io|aDK ztzt ^'^S a=f« a 40|| 



2f cJBi 4l>-|ofl 16ol(Aife HI 1 TllSg SOSSAi BaO # fltl af^'Jfl 5nm^ SrO(^l^S^r!:a*g) I 

ashacK ^11 1 5(iag 20 o|s|a| 2t ilAlojl iBf ssJSi xjs 5! ^¥"113 *f2cK 



2oU, ¥l£fe lOOod/cm^olajcK its ^a|(H 



. H|iil0)| ie| #7| EL:4: 
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KIPRIS(53H^ol3a) jfllOIXI 20 / 2 

a^f^a^ej HS.S. EM-1 q4! spi s^s^4| i6ss i-fEWfe syMS£#jp£8tt(TNF)« 

[SI-Sf-illBl 

OzN ^/MOz 
O 

n&la EL ^*-M 1a^ rvs| 5|# aa« a^Wacf. Ol mal a#aEfe 0.1mA/cm 

almofll 121 ELi^tN-HfeaJtl^a^al S^ha^Nol 4.1eVS fe7| Bfleoll TNF7h tfS^s| mash a}gSK» *f«ll»S«S!71 



Me-V^Me 



01 a^2| gxj^a^st #aiaoiss sotoisicK as a^h^a^ o|2|si zt §s -siaioj #sia jhs a "-t^ts sha-^t. 

aani #71 EL iJcHHl 4|A|iH| i3t 7va| SyS e!7fshac|-. o| nlfal g^SSfe 0.2mA/cm 

a #Eisoia5E solas y7| misoii s g nflsmi s^f 



D| gif.a| gi(^a^2| f^aiaoias 62-co|ai:^l-. 5Efi S^J¥SJ¥ o|£|e| ^ ^'^lofl 13^ gilll- s«S S st^JlS «^al: 
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n 1 & fli 4 as 01- e son koiah. 
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Jill 1 e mil HI 5 cHi= a si-oii sioiAi, 

ea^y ESsal ej?}4=S 3.0eV olajaj as.^ -^gos sffe #7| Sxh gat 

H1 1 a- Mi^i sii 6 s# oit a soil ao|Ai, 

fEBe7t u, Na. K. Rb % CsSS OI^CHS SHS^El -idHIEIfe sm o|#2| aaa|3^SiS ^OHS -S^l a':|- 

III 1 1f Ljxi j|| 7 ss ofiz a soil mM. 

STiHf a^sl olILixl *Ki|« 2.7eV o|4fa| ass SS *^Sss sH^ #7| gxf a-s ixK 
in 1 S Ml^l fli 8 Sg tHi; a soli no\M, 

gfsf^ SE) «the3i es^ £0S2| a7fHis# 1:20 Liixi 2o;i («bi) aflnaj a°s i^gss «te ^7| s^f as 

5t|| 1 S mx| HI 9 Sg o|i=. a soil 

as¥s* ig^i^a^oii s^^t* as*i-^i as ^aa s*2i ^ai sfa*s svsss stt *7i sxf sy-s ± 

avail 

Jll 1 Lfl^l ill 10 &5 cHi y adi sjolAI, 

g=S2| Sxl^giJ,! A|o| a S.i^S2| aSf^ A|a|, olss ofi^ e ^o|| 7||DJg« a*is*^s°^sfe ^^^i mi 

stcHE y^s, as*, aj:i^g¥ su s^ss ^sti aa. y7i sn^a^oii a^t^s^a ai iis^7h 
2,99V ojste! aa« Eei»5S»a, ^ea^i^-a^si axfsiat^s i.e uixi 3.6evaflMis) aas a#^g°s*K&s 
7| as i,xK 

a?si3 

HI 12 son ao|A), 

eaiS EB57h Na. K, Rb. Cs, Ca, Sr Si BaS o|^io|S ^S.S.^E^ ^^s^^ «m o|y£| asalS^ Efe a&a|M3^g|g ^ 
g°SSte#7| SXHi3-:S:X|. 

HI 12SSEfeHI 13 Soli iiO\M. 

gxf=?=$^ n^»o\ s± s* itass ssa* *(a£s sit #7i sjcj iin. 

S^S15 

*ii 14 &tHi noiM. 

Si wfl^ Sfttsol U± a* ^^*ll, 'f\^-itB ^-^Wol-S ^iESI. Ejo|t|o|S *i*l S se|oH » 

E«s o|?-o|S iss^N -tjnisife o|Ai.2| snt»a« ^S°S. ste $:'l 3^ :txK 

STS16 

HI 12 St M)':| HI 15 011= & ^,^o|| 2J(>^A^, 
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axK=#a stsgsf Heaal a^'Nisg 1:20 2o:i(#h|) aflM(2i ass a# "^gss shfe- #7i ax^ ^^^k 

fli 12 «• Hxl »|| 16 CHJ^ ft SKHI lacH-H. 

a^i^a¥2i #aiaois# 1001: oi#2i ass s# *igss *te w# rtxK 

II 12 smi':! ^ 17 <H!^ e SKHI H(HM, 

a^s^ a ja^^h^aYoii §ae ©#21 axH'*a stas* s^as ^asa s^f 

HI 12 S Lllxl nt 18 CHI^ a Sdl 11101*1. 

#^92|- a:^a¥ m a aqsJl^ i^s^ 401, ois& oii= e ^011 n&s* -a*ia« °3 #71 sjb ^ 



100 : ^7] EL^} 




KIPRIS(S:iH^5ISH) 




104 : -^7) EL 

Y//////////M 



wwwx - 



16 : -s^ 
20 : 

14 : :!&.A^<^^■ 
12 : 

18 : ^-5-^«J 
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16 : %^ 
14: ^^f^-a^ 



'///////. 



f 12 : 

/ 18 : =8^"^-' 
^ 20 : ^^-t 
^ 10 : 
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r 


203 


-H 




221 






212a|* ^ 
M 


1* 1^ H 2121 

M 
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HI 01 XI 28/28 



I 

);■ 
\ 

\ 



I 

i 

4- 



7t 



-4- 
T 



Y/////////J///A 



58 : *=t* 
^ 52 : ^1 •^''1^ 
^ 56: ;=! 3 ^7l°4(1f=^f-) 

^ 54 : 2 -fr?!^ 
50 : 
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